UNCLASSIFIED

AD NUMBER

ADB183080

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 1953.
Other requests shall be referred to the
National Aeronautics and Space
Administration, Washington, DC 20546.

AUTHORITY

NASA TR Server Website

THIS PAGE IS UNCLASSIFIED




772 &

<y -
L4 “

AD-B183 080
LR

NATIONAL ADVISORY COMMITTEE
.FOR AERONAUTICS

———————————

REPORT 1126

THE EFFECT OF BLADE-SECTION THICKNESS RATIOS
ON THE AERODYNAMIC CHARACTERISTICS
OF RELATED FULL-SCALE PROPELLERS
AT MACH NUMBERS UP TO 0.65

By JULIAN D. MAYNARD and SEYMOUR STEINBERG

TN 3

weegy
¥ ¢
p e

34-10773
TR —

W";; %_4}*€W&M ooos, - - o\. - b .
. T vt - .

(28K , “;; . ' ’3 ..

RO G 4 &

jmont Printing Og%-hlmn_ﬂﬂ[ahnw;mm sy
Price -t ~



ve

62067 WY VOVN °
9211 "1doy VOVN

mowfag ‘diaquing

‘q venng ‘preudeiy
(9°5°1) suonpuo)
SuniesadQ xarradoad
(s°z°'s'1) waanadoad
- 9199133 JaqunN YIBW
(€°2°S°1) vonnqunsia
ya1d - srayjadoxd

@zsm
£31pH08 - saaqradoad
(1-z-s1) s1ared

~01d - SUOTIIIE AT

N

6Za6T WY VOVN °

9211 "1day VIVN
Jmounifag ‘Siaquidg
*q uemnp ‘preuken
(®°s°1) SUONIPUOD
Supesad( satjadoxd
(s'z°s°1) ssaradorg
- W199]3 13qump yorN
(€°2°5°1) vounqrneia
Yyond - siafjadord
(z2sm
AprioS - fiaradoad
(tzsm) s13q1ad

-03d - SUONIDAG peld -

<282

*

v <d82

& n %

uorurysem ‘VIVN WoJJ I[QEUITIR0 £31d0)

‘88N

-Jexeyd dywreukposde 1a112dosd uo soryes ssaDITY
UoLOAB-3PTIq JO £1DIFJ2 I ITENTBASI 0) s1afad

-0ad YOVN PIieIax 2a7] Jo §199) $nojaaad wodj e
~31 Y} Y4 pasedmod 31¢ B)NSII a8AYL ‘anoy

1ad saqiw 00g 03 dn spaadesre je 4GG 0) T Woa]
83a3ue apeiq jo aduea v 0] pajuasaad axe siayjadoad
VOVN 3[®08-1IM] oM} jo UOIEATIB3AUY U JO 8 n8ay

(62a6T WY L1zow
=104 "9ZI1 "Wloy YIVN) ‘qey ‘-sojoyd “miderp
*dgg ‘v "8G61 ‘Byaquialg snowrdag pue preufew

‘@ UeNne  "69°0 OL 4 SHAAWAN HOVIN LV
SHITTIIAO¥d TTVOS-TIN QILVTIAY 40 SOIL
-STHALIVUVHD JINVNAQOUIY THI NO SOLLVH

SSFNMIOIHL NOILO3S-AqvId 40 L0344 FHL
*SOTINEUOCIIY 10) 23NTWWO)D AIOBIAPY TEUOLIEN
9211 "Wy VOVN

voyuiysem ‘YIOVN Wodj qeurnqo sajdod

80118743}

-ereyd syureuiposde 1agjedosd uo so1Tes ESAUNIY
UoL0IV-3PTIQ JO 9103]]J3 IY) AEn[eAd 0) saefed

-01d YOVYN PIIEI31 3AT) JO 8183) SnOtARad WO} ByIng
-1 Y1 N}IA pasedwod aJ¢ SIINEII WYL “Inoy

Jad safrw 00S 03 dn gpaadeite ye oG O} 007 wouj
sa13ue aperq Jo 9Buea € 10) paudsaid ase siafadoad
VOVN a1eo%-1[n} om} Jo uot:eiisasut ue jo synsay

(6z@e1 WY Ajzow

-104 ‘9gI1 "May VOVN) ‘qey “*sojoud ‘siBerp
*dss ‘1 °§S61 ‘319quisig mowheg puw prrulel
*q VeErne ¢9'0 OL dN SUIANAN HOVW LV
SYATIIdO¥d TTVOS-TInd GILVIAY JO SIIL
-STHILOVHVHD JINVNAGONIV THL NO SOLLVY
SSANMOIHL NOLLDAS-3av'1d 4O LOTA4T THL
*SINNVVOIIY 10] 3INJWUIOD AIOSIAPY [BuOjjEN
9T11 "Wl VOVYN

e - —— #

LN

620671 WY VOVN "Al
9211 "1doyd YOVN ‘m
aowdag ‘3iaquins 1
‘q uennp ‘preudey |
(9°c1) suofIpuo)
Bupeaadg 2aradoad g
(s°2°s'1) s13nadoad
- 8)93]]3 JaqWNN YOrW -y
(€°2°¢°1) uonnqunsiq
yo)d - s1apjadord ‘g

221
Ayprios - s13j1adord ‘g
(tzwsn saaqrad

-01d - suorldds apeid ‘1

uoIIUTYSEM ‘Y IVN Wo1j IqEUTEIO Sa1d0D

‘SI118123)

-dereyd djweuipolde 13(jadoad uo Sorzes SEIUNITN
Uo}D38-apE[q JO FIIIJI2 Y} AjEnTRAD 0) S1fjad

-01d YOVN paieial 34y} JO £)93) snotaaad wosj syms
~31 Y} PIM pasedmod JIE SNSII IBIYL IOy

1ad g3piw Qg 01 dn epaadeare v (GG O T WO
83t3ue apeIq Jo aBues ¥ J0] pajuasaid ase saenjadosd
VOVN 31eo8-[Inj om) jo uonedisaauy ue Jo synsoy

(6zae1 MY Arsom

-104 ‘9211 "Wy VOVN) ‘qer “‘soyond “ssSep
*dgg ‘1 'gge1  “Biaquidg unowkag pue preuiepg
‘g weRnr  "¢9°0 OL dN SHIANAN HOVR LV
SYIATTIONd FTVIS-TINd AILVIIY 4O SOIL
-STALOVHVHD JINVNAGONIV THL NO SOLLVY
SSINMIOIHL NOILOFS-3IAVTIE 4O 1LDIA43 FHL
‘S31INVUOCIIY 10} INNWWO)) AIOSIAPY [EUOIEN
9TIT "Wy VOVN

LW

62de1 WY VOVN °

9211 "1doY VOVN

mowdag ‘Braquidg

@ vernp ‘pivuler

{9°¢°1) suonIpuo)

Sutiesadp 13t1adorg

(6-2°6°1) wsanadod

- B3] 1aqumMN YIBN °y
(€°2'¢ 1) uonnquusig

yond - s1aqiedord g

g8

w

221
Anpyios - saaqiadord -z
(1-zsn saaqred

-01d - suoyldeg Apeld ‘1

UoIUTYERA ‘YIVN WOL) FQEUTIEIge Serdo)

“#O18113}

-Jereyd dyureuipolae Jat1adord UO SO1IBI SSIUNINYY
UoIIIN-3IpeEIq JO §133]J3 Y} IENTRAR 0) s1afred

-0a4d YOVN pareial aAf} JO 1383} snofadad woa; syme
-91 A} YA pIIBAWOD aT® $)NBIL 2BAYL “Imoy

Jad safiuw 0og o1 dn spIadsare 18 oG5 O) 00T woxj
sar3ue Jpwiq jo aBuva ¥ 10] payudsaad axe saajjadoxd
VIVN a1ed8-11nj oAl jo uonjednsaauy un jo spnsay

(62qeT W Llaowm
=104 ‘9211 "¥Ie¥ VOVN) ‘qw) ‘‘soud “‘siderp
*85¢ ‘T ‘pear "Brequias snowkeg pue prvuien

‘quene *$9°0 OL 4N SUIANAN HOVN 1V
SYITTIAOUd TTVIS-TINJ ILVTAY S0 SIIL
-SILIVHVHO JINVNAQOUIV THL NO SOLLVY

SSANDIJIHL NOLLOFS-3AVId 40 103443 SHL
‘SIINTUCIAY J10] INWWOD h.-Ol—)ﬁ( TwuoyeN
9211 "oy VOVN

~ . wma




e B ey £ B P R e s I Y TR BT e e S P

REPORT 1126

THE EFFECT OF BLADE-SECTION THICKNESS RATIOS
ON THE AERODYNAMIC CHARACTERISTICS
OF RELATED FULL-SCALE PROPELLERS
AT MACH NUMBERS UP TO 0.65
By JULIAN D. MAYNARD and SEYMOUR STEINBERG

Langley Aeronautical Laboratory
Langley Field, Va.

Accesion For

NTIS CRA&I
DTiIC TAB
Unannounced

Justification

BY
Distribution|

e N

Availability Codes
, Avail and|or '
DTIC QUALITY INSPECTED 3 | Dist Special

I 1




ogPT

National Advisory Committee for Aeronautics
Headgquarters, 1784 F Street NW., Washington 25, D. C.

Created by act of Congress approved March 3, 1915, for the supervision and direction of the scientific study
of the problems of flight (U. S. Cude, title 50, sec. 151). Its membership was increased from 12 to 15 by act
approved March 2, 1929, and to 17 by act approved May 25, 1948. The members are appointed by the President,
and serve as such without compensation.

JeroME C. Hunsaxer, Sc. D., Massachusetts Institute of Technology, Chairman

Deriev W, Broxk, Pu. D, President, Rockefeller Institute for Medical Research, Viee Chairman

Hox. Josern P. Apams, member, Civil Aeronauticx Board.

ALLEN V. AsTiN, Pu. D,, Director, National Bureau of Standards.

LroNarp Carnicuaer, Pu. D, Secrctary, Smithzonian Institu-
tion.

Lavaesce C. Crataie, Licutenant General, United States Air
Foree, Deputy Chief of S$taff (Development).

Janes H. Doorirtie, Se. D., Viee President, Shell Oil Co.

Leoyp Harrisos, Rear Admiral, United States Navy, Deputy
and Assistant Chief of the Burcan of Aeronautics.

R. M. Hazes, B. 8., Director of Engineering, Allison Division,
Geueral Motors Corp.

Wutiav Litteewoon, M. E., Vice President— Engineering,
American Airlines, Ine.

Hox. Roatrt B. Murrav, Jr., Under Secretary of Commerce
for Transportation,

Rareu A, Orsmie, Viee Admiral. United States Navy, Deputy
Chief of Naval Operations (Air).

Doxaup L. PPrrr, Licutenant General, United States Air Foree,
Commander, Air Research and Development Command.

ArtHvr E. Raymoxn, Se. D, Vice President-- Engineering.
Douglas Aireraft Co.. Inc.

Fraxcts W. Reicnkroereer, Se, Do Chief, United States
Weather Bureau.

Turovorr P. Waisnt, Se. D, Viee President for Research,
Cornell University,

Hven L. Dryven, Pu. D., Director

Joux W. Crowrry, Jr., B. 8., Associate Director for Research

Joun F. Victrory, LL. D)., Erecutive Secretary

E. H. Cuanperiin, Frecutive Officer

fienry J. E. Rew, D. Eng., Director, Langley Aeronautical Lahoratory, Langley Field, Va.

Ssiri J. DEFrases, D, Eng., Director, Ames Acronantical Laboratory, Moffett Field, Calif,

Eowanp R. Suare, Sc. D., Director, Lewis Flight Propulsion Laboratory, Cleveland Airport, Cleveland, Ohio

LANGLEY AEZRONAUTICAL LLABORATORY,
langley Field, Vs.

AMEs AzroNauTICAL LaAaRORATORY,
Moffett Field, Calif.

Cleveland Airport, Cleveland, Ohio

Conduct, under unified control, for all agencies, of scientific research on the fundamental problems of flight

Lewis Friont ProrULStoNn LARORATORY.
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THE EFFECT OF BLADE-SECTION THICKNESS RATIOS ON THE AERODYNAMIC
CHARACTERISTICS OF RELATED FULL-SCALE PROPELLERS AT
MACH NUMBERS UP TO 0.65'

By Juuiax 1. Mayyaxo and SeyMovRr SrEINBERG

SUMMARY

The resulix of an inrvestigation of eo 10-foot-diameter, two-
blade NACA propellers are presented for a range of blade angles
Jrom 20° to 55° al airspeeds up to 500 miles per hour., Thene
rexults are compared with thoze from previous investigations of
fire related NACKA propellers in order to evaluate the effects of
blade-section thicknexs ratios on propeller aerodynamic char-
aclirixlics,

The envelope cfficienciex of all the NACA propellers are high
at the lower rotational speeds at which the adrerse effects of
comprexsibility are small.  The highext efficienciex, about 93
percent at a helieal tip Mach number of 0.9 and 84 percent at a
helical tip Mack number of 1.1, reflect the importance of uxing
thin, efficient airfoil sections throughout the blade.  For pro-
peller operation at constant rotational speed and power al
helical tip Mach numbers below 0.8, a reduction in blade-section
thickness from 12 to & percent at the 0.7-radiux station, or ap-
prozimately one-third all along the radiux, rexultx in gaine in
propeller efficiency up to 10 pereent.

The marimum efficiency of a propeller operating at a helical
tip Mach vumber of 1.1 and Mach number of advanes of 0,625

X may be anereared approrimately 20 percent by reducing the
blnde-ection thickuens from 12 to 5 percent at the 0.7-radiux
station. M thiz xame condition of opcration for propellors
haring blade-section thicknessex between 12 and 8 pereent at
the 11.7-radiux station, the marimum ¢ ficiency increases appros-
imately 3 percend for each decrease in thicknexs of 1 percent at
thix station.  For blade-section thicknesxex betwien 8 and 3
percent at the 0.3-radius station, the rate of increaxe in pro-
peller efficiency with reductions in blade-xection thicknexs ix
smaller, but further reductions in thicknesx may still improre
the marimum efficiency of propellers operating at high forward

2, (ﬁvpnlln with helical tip Mach numbers ax hioh ax J.1.

INTRODUCTION

A general investigation of the acrodynamic characteristies
of a series of full-weale 10-foot-diameter propellers at nir-
speeds up to 500 miles per hour has been made in the Langley
16-foot high-speed tunnel.  The purpose of this investigation
was to determine the combined influence of propelier-design

i parameters and air compressibility upon propeller perform-
ance.  The blade designs embody variations in shank form,
blade airfoil section, design lift coefficient or camber, blado
width, und blade thickness ratio.  Most of the blades bave
the high-critical-speed NACA 16-sertes airfoil sections (ref. 1)
and have been designed, without consideration of compressi-
hility effects, for n minimum induced-energy loss when operat-
ing as four-blade propellers at an advanee ratio of 2.1 and a
blade angle of 45° at the 0.7-radius station.

The primary effects of blade-section camber on propeller
performance bave been presented in reference 2, and the data
showing the characteristios of other related propellers in the
series have been presented in references 3 to 9. This report
presents the acrodynamic characteristies of two propellers
and extends the ivestigation of related propellers to inelude
those having thick ess ratios as low as 0.05 at the 0.7-radius
station.  The purpose of the report is to make a comparison
af the performance data for these 1wo propellers with the
data contained in references 3, 5, 7, and X in order to afford
an evaluation of the effects of blade-section thickness ratio
on propeller acrodsnamic charneteristies,

The thickness ratio of propeller blade sections is of inereas-
ing importapee in the desiga of propellers for high speeds
beenuse of the compromise which must be made between
structural requirements and the requirements for thin high-
eritical-speed sections which are necessary to avoid excessive
compressibility  losses.  Compressibility eoffeets have long
been known to cause radieal changes ia the characteristies of
the sections along a propeller blade, nad a lack of suitable
airfoil section characteristies at the preseat time has made it
seeessary to evaluate by means of propeller tests the effeer

|
i
|
i

of blade-section thickness ratio upon propeller performanee.
SYMBOLS
] number of blndes
‘ b blade width, ft
‘ “p propeller power coctlicient, P2 pn* 1
I propeller thrust coefficient, 7" pn?l 3
e, blude-section desigm lift cosflicient
n propeller dinmeter, ft

| Snperedes the recently decladfe;d NACA RM LOD2D, The Effeet of Bhple-Section Thickness Ratios o the Aensfynatie Chreaelertatios of Helsted Full-seste Prapelfers at Mach

Nambers gp 15 0455 by Iulian 1) Maynard aned Reviemre Stefnberg. (960

T <
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A blade-section maximum thickness, ft

J propeller advance ratio, V/al)

R} Mach number of advance L
. . r\?

M, helieal tip Mach number, .\l\/ 1 +( .])

" propeller rotational speed, rps

r power absorbed by propeller, ft-1b/sec

r radius at any blade section, ft

R propeller tip radius

T propeller thrust, b
Vv velocity of advance, fps
I fraction of propeller tip radius, r 2
8 blade angle, deg
- N blade angle at 0.75-radius station, deg

. ("
n propeller efficiency, J 7,—’

P
" induced efficieney
» mass density of air, slugs/cu ft
- b

o solidity, B n

APPARATUS
PROPELLER DYNAMOMETER

Photographs of the 2,000-homsepower dynamometer in the
test seetion of the Langley 16-foot high-speed tunnel with
the tunnel open and closed are shown in figures 1 and 2,
respeetively. A diagram showing the important dimensions
of the propeller dynamometer and its location with respeet to
the test section is presented as figure 3. A detailed deserip-
tion of all the test apparatus and the methods of measuring
thrust and torque are presented in reference 3. The fairing
profile was caleulated from a distribution of sources and sinks
to produce a body of revolution with uniform axial velocity
in the plane of the propeller.  Thix axial-veloeity distribution
has been checked experimentally and found to be uniform
within 1 pereent.  The gap between the propeller blade and
the spinner surface at the propeller blade-spinner juncture is
very small (fig. 1) but is not sealed.

PROPELLER BLADPS

The two propellers for which data are presented in this report
are the NACA 10 G (06210450 and NACA 10-(3)(05)- 045,
The NACA design numbers are deseriptive of the shape,
size, and acrodynamic characteristies of the blades used in
this investigation. The first group of digits represents the
propeller diameter in feet. and the remaining groups of digits
indieate the design lift  coeflicient, thirkness ratio, and
solidity per blade at the 0.7-radius station. The following
table shows the blade design numbers of the various propel-
lers diseussed in this report and also shows the signifieance
of the groups of digits in the number designation:

.o —_

I

N AC A destgn number Cigaln e Vhatnik e aoze

(RN IR "y nm o
LRI T8 <Y 4 (L] 1<
In-thid - 4 1”2 ALY
195 (61 (06) 4H5 i " 145
0 CHORD) 45 v m2 )
W (B100A2) D48 A A} L] (233
1008 (1) 45 .8 (L] "

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

The suffix R indieates a blade bhaving conventional round
shank sections, and the suffix A indicates a blade with modi-
fied shank sections.  The NACA 16-series blade soctions were
used for all the propellems listed in the table, and, with the
exception of the NACA 10-(3)(08) -03R blade, wide airfoil
sections extend to the spinner. The spiuner has a diameter
cqual to 21,7 percent of the diameter of a 10-foot propeller.

Figure 4 shows the blade-form curves for the NACA pro-
pellers having a solidity of 0.03 per blade at the 0.7-radius
station, and figure 35 shows a comparison of the blade sections
at two radial stations for the same group of propellers.  The
blade designs are closely related, but two of the propellers of
this group differ not only in thickness but also in distribu-
tion of section design lift coefficient, blade width, and
piteh distribution.  These differences between the NACA
10-(3)(08)-03 and NACA 10-(3)(08) 03R blades are the
result of an effort to maintain the loading for minimum
induced-energy loss as far inboard as possible on the round-
shanked blade. The NACA 10-(3)(12) -03 blade has the
same radial distribution of blade-section design lift coefficient,
the same blade width, and approximately the same piteh
distribution as the NACA 10-(3(08)-03 blade, but its
thickness is greater at all radii.

Figure 6 shows the blade-form curves and figure 7 shows
the bladessection comparisons for the group of propellers
having a solidity of 0.045 per blade at the 0.7-radius station.
The propellers of this group have the same radial distribution
of blade-section design lift coeflicient, the same blade width,
and approximately the same piteh distribution.  The NACA
10-(3)(062) 045 design has the thickest shank sections of
this group, although its outhoard sections are considerably
thinner than those of the NACA 10 (3)(08) 045 design.
The NACA 10-(3)(062)-045A design was made by simply
thinning the shank sections of the NACA 10-(3)(062) (45
blade until they had the same thickness as the NACA
10 -(31(08)- 045 desigm at the gpinner; the thickness of the
seetions between the spinmer and the 0.7-radius station was
obtained from a faired line betweea these two stations.  The
NACA 10-(3)(05) 045 desipm was made by thinning the
sections of the NACA 10-(3)(062) 045 blade until the see-
tions at the spinner and tip had the same thickness as the
NACA 10-(3)(062)-045A blade, but the sections hetween
these two stations were made thinner.

TESTS AND REDUCTION OF DATA

Thrust, torque, and rotational speed were measured during
tests at fixed blade angles of 20°, 25°, 30°, 35°, 40°, 45°, 50°,
and 55° at the 0.75-radius (45-in0) station. A constam
rotational speed was used for most of the tests, and a range of
advance ratio was covered by changing the tunnel airspeed,
which could be varied from about 60 to 500 miles per hour,
The range of blade angles covered at the various rotational
speeds used in the tests of the NACA 10 ((062) 045\ and
NACA 10 (H(05) 045 propellers, together with figure num-
bers, is shown in table 1. Similar information is also shown in
table I for the other propellers as taken from references 3, 5,
7.and 8. For the higher blade angles, the complete range of
advanee ratio could not he covered at the higher rotational

T3
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speeds because of power limitations.  In order to obtain
propeller characteristies at maximum tunnel aimpeeds, a
blade angle of 45° was chosen, for which the peak-efficiency
operating condition could be attained when the tunnel air-
speed was at or near the maximum and the dynamometer was
operating at its maximum power and rotational speed.  For
these tests at a blade angle of 43°, the rotational specd was
varied to obtain data from the peak-efficieney conditions to
the zero-torgue operating condition.

The test data have been corrected for tunnel-wall interfer-
ence amd for forees acting on the spinner by the methods
deseribed in reference 3 and are presented in the form of the
usnal thrust and power coeflicients and propeller efficiency.
Propellee thrust, as used herein, is defined as the shaft
tension caused by the spinner-to-tip part of the blade rotating
in the air stream.  Tests were frequently repeated during the
investigation, and. for purposes of comparison, the data are
considered aceurnte within 1 percent and the faired envelopes
are believed 1o be accurate within much closer limits,

RESULTS AND DISCUSSION

Faired curves of thrust coeficient, power coeflicient, al
propeller efficiency plotted against sdvanee ratio are presenteol
in fignres S to 16 for the two-blade NACA 10 GH062) 04570
propeller amd in bHgures 17 to 25 for the two-blade
NACA 10 G305 045 propeller. Test points are shown on
the tigures giving thrust and power cocflicients.  The varia-
tion of Mach number of advanee and helieal tip Maeh
number with advanee ratio is shown in the figures pgiving
propeller efficiency.

EFPRCT OF BLADE-NECTION THICKNENK RATIO ON ENVELOPE EFFICIENCY

Figure 26 presents o comparison of the envelope efficiencies
of NACA propellers 10 CHO%) 03, 10 (o8 03R, and
10 G312y 03 (refs. 3,5, and Sy a1 the various rotational speeds,
The thinnest blade of this group, NACN 10 CHOR) 03,
maintains an envelope efficiency of over 0,90 throughout
the range of advance rutio of the tests at rotational speeds
of 1140, 1,350, and 1,600 rpm. At these rotational speeds
amd at the design value of advanee ratio, 2.1, the NACA
110 308 03 propeller is from 2 to 3 pereent more eflicient
than the round-shanked propeller, NACA 10 (HO0R) 03K,
and from 1.5 to 5.5 pereent more efficient than the NACA
10 135012 03 propeller. At the higher rotational speeds
(2,000 and 2,160 rpm) the envelope efficiencies of all three
propellers are reduced. The propeller with the thinnest blade
sections suffers the least reduction in envelope efficieney,
whereas the propeller with the thickest outhosrd blade sec-
tions suffers the greatest loss in envelope officieney. At 2,160
rpm and an advanee ratio of 0.90, the envelope efficiencies of
the NACA 10 CH(08) 03R and NACA 10 (3)(12) 03 pro-
pellers are lower by 4 nndd 12 pereent, respectively, than the
envelope efficieney of the NACA 10 (3)0%) 03 propeller,
These differences in envelope efficieney st the higher rota-
tional speeds may he attributed to compressibility effects,
which generally lower the lift-deag ration of thick blade
seetions at high section Mach numbers.

In figure 26 (b the envelope efficiencies of the NACA
propellers in the 0.03-solidity group are compared with the
indueed efficieney of a two-blade propeller with the Betz

loading for minimum induced-cnergy ks, This curve of
optimu efficicncy was caleulated by a method neglecting
ull profile-drag losses (ref. 10) for a two-blade propeller
operating at the same values of power cocflicient as were
obtained with the NACA 10- C4(0K) 03 propeller.  Although
the power cocflicients for maximum efficieney are slightly
different for the three propellers in this group, the values of
induced efficiency may be considered accurate within about
1 percent for all three propellers. At the design value of
advanee ratio, 2.1, the indueed losses amount to about 4 per-
cent and the profile-drg losses amount to 3 pereent for
the NACA 10 @ O8) 03 propeller. At this same design
value of advance ratio, the profile-drag losses of the NACA
10 @Ho%) 03R and NACA 10 (1D 03 propellers are
about twice as great as those of the propeller having the
thinner blade sections,  The higher efficieney of the NACA
10 CHs) 03 propeller, about 93 pereent at a helieal tip
Mach number of 0.9 and 84 pereent at a helical tip Mach
nutmber of 1.1, refleets the importance of using thin, efficient
airfoil sections throughout the Hade,

A comparison of the envelope efficiencies of the NACA
propellers in the (L045-salidity group is shown in figure 27
for various rotational speeds.  Again, the thinnest blade,
NACA 10 s 045, of the group has the highest effi-
cienes and the envelope efficiencies of all the propellers sre
reduced at the higher rotational speeds.  Only small differ-
einees exist in the envelope efficiencies of the NACA
10 (303 045 and NACA M 31062) 43\ propellers,
although the blade seetions of the latter propeller are thicker
at all radial stations except at the shank and at the tip.
The fact that the thinner blade sections of the NACA
10 (3105 045 propeller do not improve its efficieney mueh
above that of the NACA 10 (3 062) 450 propeller may
possibly be explained by the slightness of the improvements
in the lift-drag ratios of the thinner blade sections.  Figure
14 of reference 11 shows that there is little differenee in the
lifi-drag ratiox of 6- and 9-percent-thick seetions (16 3sx
airfoils) at ift coeflicients up to 0.4, Sinee a large portion of
the radial load is perhaps carried by the blade seetions of the
NACA propellers having a thickness of 9 pereent or less, a
reduction in thickness from 6.2 to 5 percent at the 0.7-radius
station might be expected to canse only <mall changes in the
propeller efficiency. This result is perhaps true for the
conditions of operstion under which the tests were made;
however, the differences in efficieney between the two
propellers may be greater at Mach numbers of advanee
higher than those used in these tests,  If higher Mach
vumbers of advance and lower rotational speeds had been
used to attain the helienl 1ip Mach nummbes shown i the
figures, greater portions of the blades wounld be subjected
to the effects of compressibilits . Sinee the airfoil data in
refoerenee 11 show that, in general, the thinner sections have
the higher liftalrng eatios at the higher Mach numbers, a
reasonable axssumption would be that the propeller having
the thinner blade «wections along the radius would have
smaller  efficiency Josses ane 10 compressibility. The
envelope efficiencies of the NACA 10 30621 045 and
NACA 10 sy 045 propellers, which had the thickest
blade sections, are from 1.5 to 4 pereent lower than the

'
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envelope efficiencies of the thinmest propeller in the 0.045.
solidity group.

The induced efficiency has been caleulated from the values
of power coefficient obtained for cach of the NACA pro-
pellers in the 0.045-solidity group, and the curve showing
induced efficiency in figure 27 (b) may be considered securate
within sbout 1 percent for all four propetlers. At the design
value of advance ratio, 2.1, the curves in figure 27 (b) show
that the induced losses amount 1o sbout 5 percent and the
profile«drag losses amount to only 2 pereent for the NACA
propeller baving the thimiest blade sections.  The NACA
10 (31(0%) -045 propeller, which has the thickest outhoard
blade sections in this group, suffers the greatest profile-deag
loss (abont 4 perrent .

The envelope efficiencies of all the NACA propellems in
both solidity groups are very high, and the differences in
efficieney between the various propellers of cach group are
small and difficult to analyze for some conditions of opera-
tion.  Where the differences in efficiency are small, the
relative differences in thrust and power coeflicients are also
small. and it s difficult to draw any genersl conclusion as to
whether o loss in efficicney is eaused by a loss of thrust or an
increase of power, or both.

EFFECT OF THICKNENS RATIO ON CONNTANT-POW KR
PROPELLER OPERATION

Airplane propellems often operate over an extensive rnge
of advanee ratio at constant rotational speed aml torque.
Since  bladesection  thickness  ratio affeets the  power-
abmorption qualities of & propeller 1o some extent, the data
for the NACA propellens have been compnred in figure 25 for
operation at a constant power ceeflicient of 015 wnd o
rotational speed of 1,140 rpm. This condition of operation
may be considered  reprsentative for two-blade,  10-foot-
diameter propellers snd provides a reasonable basis of eom-
parison. An interesting observation in figure 28 (r) is that
the drop in efficieney occurs at a lower value of advanee miio
but is more gradual for the round-<hanked propeller than for
the NACA 10 £H02) 03 propeller, which has thinner shanks
but thieker outhosnd blade sections than the round-shanked
propeller. At advance ratios above 3.2, the thicker ont-
boarl sections of the NACA 10 CHO12) 03 propeller appear
1o eanse greater efficieney losses than the thick shank sections
of the NACA 10 (s 03R propeller. However, the gain
in efficiency of about 10 pereent at an advanee mtio of 3.2
(M= 054, which may be realizedd by using the thinner
blade seetions of the NACA 10 GHhisy 08 propeller, shoukd
be emphasized. A reduction in blade-section thickness from
12 to 8 pereent at the 0.7-radins station, or approximately
one-third all along the radins, resulted in gains in propeller
efficiency up to 10 pereent ; also, a reduction in thickiness of
only the inboard blade sections (from 30 to 13 percent at
the 0.3-radins station) resulted in gains in propeller efficiency
up to 10 percent.

The efficiencies for constant-power operstion of the pro-
pellers in the 0.045-soliddity group are compared in figore
28 (b). The differences in efficieney of the propellers in this
group do not amount 10 more than 4 pereent, and these
efficiencies appear 10 be about equal st both the lowest and
highest values of advance ratio. The single exeeption is

the propeller which has the thickest shank sections, NACA
[ 10 (3)(062) 045; ut the highest value of sdvance mtio (3.5),
! the efficiency of this propeller is about 2 percent Jess than
i the efficiency of the other three propellem.  The curves in
figuere 25 (b) show that a reduction in blade-section thickness
of only the outboand blade sections (from 8 to 5 pereent at
the 0.7-rudius station) resulted in gains in propeller efficiency
up to 4 percent.  These improvements in efliciency appear
to be limited to the range of advance ratio for which the
propeller is designed.  The helical tip Mach number of the
NACA propellers, however, did not exceed 0.8 for the con-
ditions of operstion shown in figure 25,

Figures 29 and 30 have been prepared to emphasize the
importance of bladesection thickness in the design of pro-
pellers to operate at aimpeeds where the tip Mach numbers
are below the critical value.  Figure 29 shows the effect of
aimpeed on the difference in efficiency between the NACA
10X 03 and NACA 10 ¢H(12) 03 two-blade propellers
when operating st a constant power coefficient of .15 and a
constant  propeller motntional speed of 1,140 rpin. The
thinner blade sections of the NACA 10 CHO0%) 04 propeller
effect an increase in efficiency of 10 pervent with an inerease
in aimspeed from about 260 10 420 miles per hour. The
corresponding change in helical tip Mach number i« from
0.63 to .76 as shown n figure 290 Figure 30 shows the
effeet of aimspesd on the differcnee i olicieney between the
NACA 10 GH0d 045 and NACA 10 CHOR) 045 two-blade
propellers when operating at a constant power coefficient of
015 and 8 constant rotational spesd of 1,140 rpm. The
thinner outboard blade sections of the NACA 10 CHO5) (45
propeller effect an increase in efficiency of 4 percent with an
increase in airspesd up to 220 miles per hour, but, from 220
to 460 milew per hour, the heneficial effects of the thinner
blade seetions are gradunlly losi. Apparently, the thicker
outhoard blade sections of the NACA 10 CHOR) (45 pro-
peller ean carey theie loads just as efficiently as the thinner
sections of the NACA 10 €005 045 propeller at an airspesd
of 460 miles per hour.  The helieal tip Mach number at
this airspesd is only 0.5, and beneficial effects of the thinner
blade sections might possibly appear for different  radial
distributions of seetion Mach number.  None of the NACA
propellers was desiygtied (0 aperate at advanee ratios ax high
as 3.2; consequently, higher efficiencies might be expected at
the higher values of advanee matio heeause of different piteh
distributions.  Sinee the superionty of the thinner outboand
blade sections appears principally in the range of advance
ratio for which the propeller was designed, substantial gmins
in efficiency through the use of thinner outhoard blade see-
tions may not be realized unless eare is wesd in wleeting the
radial piteh disirnibution,

RYPECT OF TRICKNENS RATHO AND COMPRENSINIITY
ON PROPELLER CHARACTERINTI(N

The effeet of compressibility on the maximum efficie ey

of NACA propellers having differeat blsde-sestion thick-
newses i shown in figure 31 for a blade angle of 43° st the
0.75-radine station.  Figure 31 tay shows that the NACA

1 10-Cha2y 03 propeller, which has the thickest ontboard
" blade sections in the 0.03-solidity group, sulfers the greatest
Foefficienes losses at the higher tip Mach numbers These

o
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lossen begin for this propeller at u helical tip Mach pumber
of ahout 0.825, and the loss amounts to 26 pereent at o
helical tip Mach number of 110 The loss in efficiency due to
compressibility is more gradual for the NACA 1O GH08) 038R
propeller, and the serions Josses do not begin until a helical
1ip Mach number of about 0875 is reached. For this
propeller the loss in efficiency due 10 compressibility amouats
to about 19 percent st a helieal tip Mach pumberof 1.1, The
maximum efficiency of the NACA 10-31(08%) 03 propeller.
which has the thinnest blade sections in the 0.03-solidity
group. is about 2 pereent higher than the maximum efficiency
of the other two propellers in the range of helieal tip Mach
nitmbers below the critical value.  The entieal value of tip
Mach number s perhaps slightly  higher for the NACA
10 G308 03 propeller than for the NACA 10 ahios, 03R
propeller, and the lose in masimom officieney due 10 come
primeihility amounts to about 16 pereeat at s beliesl up
Much number of 1.1.

Figure 31 (ar <shows that a reduction 1 blade-seetion
thickness from 12 10 X pereent at the 0.7-radins station, or
approximately one-third all along the redins, resulted s
wain m propeller efticieney of about 12 pereent at a heleal
tp Mach number of 1.1 At this <ame helical tip Mach
wiamber, a reduction in bladeesection thickness of only the
mboard bladeswrtions (from 30 to 13 pereent at the 0 3.
radins station) resulted in o gain i propeller efficieney of
about 5 pereent.

Fuzure 31 thr shows the effect of compressibilits on the
maxumum efficieney of the NACA propellers in the 0.045-
solihty group  Again. the propeller having the thickest
outhosnl blade sections. NACA 10 3008 045, sutfers the
wreatrt efficieney foskes at the bigher sip Mach pumbers
From a helical tip Mach number of 0.90 10 1.1, the efficicnes
loms due 10 compressibility for this propeller amounts 1o
I8 pereent. Over this <ame range of hehieal tp Mach nom-
ber, the propeller having  the thinnest  autbosnd  blade
wections. NACA 10 (3105 045, has a low i ellicienes
due 10 rompresability of only 9 pereent. The NACA
10 1562y 145 propeller. which has the thickest shunk
weetions, <hows u loms 1 efficieney due to rompresibility of
14 pereent ot w helienl tip Mach oumber of 1010 These
loew 48 the higher 1ip Mach numbers are more gradual for
the NACA 10 chuw2y 045 propeller than for the NACA
10 Couis 045 propeller. which has thinner blade sections
at the <hank but thicker outhosal blsde <ections. The
eritienl values of helieal tip Mach number are approsimately
the ssme for all the propellers in the 0 S-solidity group,
ansh the dhtferenees in maximum eflicieney are anall at tip
Mach numbers below the erities] value.  The maximum
efficieney of the NACA 10 (30062 IH3X propeller is the
<ame s for the thinnes NACA 10 0005 45 propeller
exeept nt the lower values of helieal tip Mach number. where
the thinner hlade perhaps hine a <light advantage.

The enrves in fignre 351 (h) show that a reduciion in blade-
wetion thickness of only the onthoard blade sections (from
% 10 5 percent at the 0.7-ruedins station) resulted in a gmin in
propeller officiency of about 12 percent at a heliesl tip NMach
namherof 1.1, At thissame helical tip Mach number, a eedue.
tion in blade-section thicknees of only the inboard blade

wections (from 16.6 10 13 percent at the 0.3-radius station)
resulted in a gain in propeller efficiency of about 6 percent.
A small eeduction in thickness (from 6.2 to 5 pervent at the
0.7-rudius station) of the blude sections between the shank
and the tip had littde effeet on the maximum propeller effi-
cieney for the conditions of operation tested.

An exumination of the thrust and power coellicients of the
propellens operating when the effects of compressibifity are
present may provide o better understanding of the results,
In figure 32 the thrust and power coeflicients for maximum
efliciency are shown plotted against hielical tip Mach number
for the test propellers at s blade angle of 43° at the 0.75-
radius station.  The searcity of data prevents a definite ox-
1ablishment of the eritical Mach numbers, but the curves in
figure 32 allustente the trends indeated by the data. The
curves are somewhat similar to plots of siefodd Hift coeflicient
mminst Maeh number for constant angdes of sttack and show
that incressen in thrust and power cocflicient oceur before
the critienl Mach number s reached.  The critieal Mach
number ix higgher for the propellen having the dunner blade
wetions,  After the critieal Mach number is renchsd, there
s marked deerense in both thrust and power cocflicients ap
10 8 helieal tip Mach number of spproxcimately 1.0, at which
the power coctlicients begin to nerense seon and the thrust
cocflicients cither level off or, i the ensee of the thinner
blades, begin to merense agaim. Thewe changes in thruse
amd power coeflicients which oecur with chamges i belical
tip Much vumber are. with ane exception, less abeupt for
the propellers havig the thicker blude «wctions. The singde
exeeption e the NACA 10 COWN) 045 propeller, which has
relntively thin shank <ections but thieh outbosnt blade sec-
The curves in iggures 31 and 82 <how that the mdial
distribution of blnde-setion thickness ratios has a pro-
nouneed offeet on the charnetersties of propellers operating
at helieal tip Mach numbers above the entieal value

Any efficiencs comparisons of the propellers i the 0.0:3-
wlidity group w il thoe s the 0.045-wlidity group i onder
10 study the effects of thichnes mtio will inclide the effeets
of solihity: lomever. these effeets are small of the order of
2 pereent aml some genermhzation may be permitted despite
the varistion m sohdity. The NACA propellers disensed
in this report are clowly related. and the nsumption may
be mnde that the radinl distrbution of enmber, wlidity,
andd blade-section thickness i< a reasonable optimum for the
hetter propellers  With thisgenerahization inmind, the data
for the NACA propellers may wrve to ndicate the com-
pressibility Josses 1o be expected for propellers having varions
blade-section thickness ratios.

hions,

The eurves m figure 33 <how the varmtion of maximum
progeller efficiency with thickneas ratie st the 0.7 -radins
ation for constant values of helienl 1p Mach number.
At helieal tip Mach aumber of 0900 and Mach number
of advanee of 0520, the maximum elicienes of a propeller
may be incrensed approsimatels 7 opereent by redueing
the blade-section thichnes from 12 1o 5 pereent at the
0.7-radine «tation  For thic Mach number gradient along
the blade, the rate of change of mavimum propelles efficiency
with blade-section thicknes s small for thirknesas up to 12
pereent al the 0 Torndus station, and figure 33 andicates
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that redurctions in blasde-section thickness bhelow 5 pereent at
the 0.7-rmdius station will probably increase the maximum
efficiency very littde. However, ut u helienl tip Mach number
of 1.1 and a Mauch number of advanee of 0.625, the maximum
efficiencys of o propeller mav be increaasd approsimately 20
pereent by reduecing the blade-section thickness from 12 10 5
percent at the 0 T-radius station For this higher Mach
number grudhient along the blude, the rate of change of maxi-
mum  propeller efficiency with bladesection  thickn o 18
greater, and, for thicknewss between 12 atd 8 pereent st
the 0.7-rchius station, the maximum  efficieney  mwreases
approuamately § pereent for cach devrease iy thicknese of 1
pereent ot this station. For thichpesses between 8 and 5
peecent at the O 7-radius <tation, the mte of inerease
propeller efficienes with reductions s blade-section thicknesa
i smaller  Fyoure 33 andientes that further rsluctions in
thichness may <tll improve the masimum efficiency of pro.
pellers opernting at helical tip Nuch anmbers ss high as 11,
particnlarty for conditions of operation wheree the Mach num-
ber of advanee 1« hagh <o that large portions of the hlndes are
subjectio] to the eiffects of mir compresabihiy

CONCLUSIONS

A mvestigntion of 8 secies of 10-foot«himmeter two-blade
NACN propellers diffenng i badv-ssction thicknes has
been completed for o eapgge of blade anglis from 207 10 55°
at mirspesds up to 3000 b per hoar The nsalts of these
investigntions have been comparsd 10 affond an ey sluation
of the ofleets of binde-section thickness matios on propeller
acensiyvnamie charactensties, aod the followsng conclusions
may be drawn.

1 The envelope etficiencims of all the NACA propellers are
high at the lower Mach numbere at which the sdverse offects
of compressibibty are small  The higher ensclope efficieneies,
however. are attained by the propellers having the thinner
blade sections  The highest efficiencus. about 95 percent
at a helieal np Mach number of 09 and S pereent at
hehieal up Mach number of 13, refleet the inportance of
using thin, etfirient mirfol «wetions thronghout the blade-

2 For propeller operntion at constant rotational spesl
(1130 rpm. and power (propeller power coeflicient, 015 at
heliesl tp Mach numbers below 08,

tar X reduction i blasle-seection thickness foom 12 10 8
pereent at the 0 7.radims station, or approcimatels one-thind
all along the raedius. reantts in gams in propeller efficienes ap
to 1D pereent

thi A reduetion in blsde-sertion thickness of only the in-
board blnde «wenions (from 30 1o 1.3 pereent at the 0 d-radine
station) results in gwins in propeller efficieney up to 10
perrent

ter X reduetion in blade-seetion thickness of only the out.
hoard blade sections tfrom % to 5 pereent at the 0 7.mdine
station! resulta in gaive in propeller efficienes up to 4 pereent

3 For operation at a blade angle of 457 at the 0 75-radme
atntion anel a helieal tip Mach number of 1.1, the loss in max-
imum propeller efficieney due to compressibility amonnts to
26 perrent for the NACA propeller having a blade-aection
thickness of 12 pereent at the 0.7-radius station.  The corre-
spondingloss in maximum propeller efficiency amounts toonly

NATIONAL ADVIBORY COMMITIVEE FOR AERONAUTIOR

9 pereent for the NACA propeller havige w bludesection
thicknesa of 5 pereent at the 8 T-rmdius station

4. A helienl tp Mach sumber of 0 900 godd Mach oum-
ber of wdvance of 0520, the mte of chisnge of maximam pro-
peller effivienes with bladessction thichness s small for
thicknerses up 10 12 poercent at the 0 T-radins station. aml
reductions i bladesection thiekness below 5 percent st
this station will probably imercase Jdie masimum eflicieney
vers hittle

S5 At 0 hehenl up Mach pumber of 18 snd Mach nuideer
of advagee of 4625, the masunum eflicieaes of & propeller
may be pereasesd approvmatels 20 pereent by reducing
the blade-section thekness from 12 10 5 percent at the 07
rwediis statin
ated 8 pereent ut the 0 Torndius statioa. the masumum effi-
cieney nereases approvmately 3 opercent for cach decresse
mn thichness of 1 pervent For blade-ssstion thicknesses
between s atd 5 peccent at the 0 Zomdigs statoon, the ente
of 1erense i propedler efficieney with ceductions i blnde.
svtion thichtiesa s anndler, but further tductions i thuck-
e iy =Gl amprove the masinmn etlivienes of propellers
operating ot Ingh forwanl spesds with hefienl tp Mach
tainbiers as togh oas 11

For bladesection thschnemses between 12
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EFFECT OF BLADE-SECTION THICKNESS RATIOS ON AERODYNAMIC CHARACTERISTICS OF RELATED PROPELLERS

2,
12 “uainyya0d 4y ubisap uoydas- apoig
< " o - o
i i i - -7
bap ‘g ‘aibuo apoig
® < o © M © <« © o
— - v i " @ T 2 v v 2 .uo
T :
Freotty \ ——]
e e -
+—r—]
- N - SRS .

1

>-1 +
4

-
i
+
,
|

i
L

;

|

|

,

<1
+ t & .. 5%55 -
] 3 < ——— 13
! _.Lll,.ﬁ € 1 Mn_un_um . 9|+|I M
ﬁ.., 4 K 2 LAy SEENEE
! c g T B88eT - O = I
et 8 g S99 ., ‘ 3
e by = R e e
| & 115888, ! TR
Seilg Fligggs i
wel Fho 3888 —
i : N [ i 8
~ ~ " — - 4 . T’ll?‘*‘l‘lﬁr
! .
L fi _ [ SO
[} {
[.74'# _ __ _ I8 .
ﬁ R S SN “©
o
— *L 4
it M
r L A ;“ o
[ ~— T
i 1
+
! IR =
R
el } i
RERREN
Lyt BRREEE
. : 8 3 °©
/@ '0101 yipm 3poig
| SRS WS NS N 1 A J
m o

S t 4 o 2

Q/y 0101 sSIUNINY pOIY

Fiovre 6. —Blade-form curves for NACA propellers haviug a solidity of 0.045 per blale at the 0.7-racdiuy station.
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(@) NACA 10-(3)08)-03
NACA 10-(3)(08)- O3R
NACA 10-(3Y12)-03

NACA 10-(3)(08)-03
NACA 10-(3)(08)- O3R |
NACA 10-{3)(i2)-03

(b)

(a) Blade sections at 0.3-radius station.

(b) Blade seetions at 0.7-radius station.

FiGURE 5.—Comparison of blade sections at two radial stations for
NACA propellers haviug a solidity of 0.03 per blade at the 0.7-radius
station,
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(a) Rlade sections at 0.3-radins station.
(b} Blade sections at 0.7-radins station

Fievre 7. —Comparison of blade sections at two radial stations for
NACA propellers having a solidity of 0.045 per blade at the
0.7-radins station,
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0 q TABLE I—RANGE OF BLADE ANGLES AT VARIOUS
ROTATIONAL SPEEDS FOR NACA
PROPELLER TESTS
9 . Ms0.520 . T _ N Tttt/
M~ M, - 0-9130 ¥ '.'5" 4 “l‘::‘;‘l“::::} Blade angle at 0.75-radius statjon, Bessa, deg ’
e 1 T ’ o T T T
I~ \\ M0.575 NACA 10-CHAG2) HSA proguetler !
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\l | x ™ A B wm s w5 W s
3 o 1 n 2 I S i 0
LI 10 150 N 45 \
n 1ein n i E) 4 A5
7 It M-0.625 12 200 mn i a5
- N M, 1,100 1 Ry € s
NG RN Vird “ !
I
, NACA 10 G 045 propeller |
£ | _ : - - , 1
[ Hw x 25 a0 a5 “© 5 0 I
n 1350 x 5 K S M it 0
19 154m 44
s = 1o m 2 E 2% " h
~o 02 04 06 08 10 12 14 2 oA SO -
L A ! o b L E p A0 El 25 :m
Thickness ratio, A/, at the O.7-radius station BUB | Varied 4
Fiarre 33.—The effect of thickness ratio and compressibility on the | NACA 10-{20 (0621 045 propeller (ref, T !
maximum efficiency of the NACA propellers. gy rsp=45° : - -—
[l N 25 W0 a5 m I M s
5 1350 ™ %™ W oW % m |
| [ 1500 5 :
! T T po 1 2% E L R " 5 |
| N N N 25 a0 Fi3
‘ 4 o0 FE- T |
| " Virierd 0 '
! ‘ NACA 10-H 80045 propedler iref. T
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{ ' (53 1500 I3 !
| ! " 160 -1 25 30 25 " [h .
‘ s 15 200 0 25 30 K4 !
[ 1% 2080 kg 25 FY
. 7 Varivd 4
' o _ o L |
NACA 103103 progpeller (ref 3 |
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' 19 140 I T L
n 1350 @ n W a8 " “ B |
; 21 150 h k
b 160 xN 2 a0 a5 m ]
z 111 xn P D R4l
24 21 a K4 30
25 Varied +*
' NACA 10-CGHim <K propeller (ref, $
) ¢ 1140 EY) " s " i
i 4 JEY Pl 25 K1 15 “ 45 o
. M 1500 “
5 16tm xn 2 E an " “
H 2n n 24 M KLY
7 260 N P Kl
" Varied 5
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« Figure numbers refer to figures in the references exeepit for the NACA 10 Charid) (434
and NACA 10-(31(05) 445 propellers,
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